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ABSTRACT 


A  method  has  been  investigated  for  the  quantitative 
determination  of  aluminum  oxide  in  aluminum  alloys. 

Iodine  and  chlorine  were  used  as  isolating  agents  for 
aluminum  oxide  in  an  aluminum  matrix.  A  spectrophotometric 
method  of  aluminum  analysis  is  presented  employing  these 
halogen  reagents.  Limited  test  results  on  aluminum  foil 
and  wire  indicate  that  a  high  iodine  concentration  in 
methanol,  when  chlorine  is  present,  yields  consistent 
results  of  AI2O3  content. 
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PROBLEM 


The  objective  of  this  Investigation  Is  twofold: 

1.  To  develop  an  analytical  procedure  to  determine 
alumina  content  in  aluminum  and  aluminum  alloys, 

2.  To  determine  the  effects  of  specific  isolating 
reagents  for  alumina  in  aluminum  and  aluminum  alloys. 

BACKGROUND 


Heterogeneous  impurities  in  aluminum  casting  alleys, 
such  as  oxide  films  that  accumulate  in  foundry  melts, 
may  frequently  be  the  underlying  cause  of  casting  defects, 
sometimes  occurring  in  epidemic  proportions.  Consider¬ 
able  evidence  exists  to  show  that  oxide  films  entrained 
with  lntermetallic  compounds  create  planes  of  weakness 
in  castings  and  lower  fluidity  and  the  tensile  and 
elongation  levels.  Large  size  particles  of  oxide  are 
detrimental  to  cast  metal,  but  little  is  known  of  the 
effect  of  intermediate  size  and  finely  divided,  colloidal 
alumina  in  aluminum  castings.  A  knowledge  of  concentration, 
location,  and  distribution  of  these  fine  particles  may 
well  improve  understanding  of  the  associated  mechanical 
and  physical  properties  in  castings. 

A  reliable  method  is  needed  to  show  whether  harmful 
effects  on  mechanical  and  physical  properties  may  be 
due  solely  to  oxide  contamination.  Several  qualitative 
criteria  of  oxide  presence  have  been  employed  and  good 
mechanical  properties  have  been  considered  an  indicator 
of  cleanliness.  However,  a  dearth  of  quantitative 
information  exists  on  alumina  in  cast  aluminum  alloys 
because  precise  measurements  have  been  intricate  and 
not  very  dependable.  Efforts  were  made  to  develop  a 
practical  way  to  determine  aluminum  oxide  in  aluminum 
casting  alloys. 

APPROACH 


The  plan  adopted  for  chemical  analysis  procedure 
involves  dissolution  of  the  metallic  constituents, 
separation,  and  spectrophotometric  determination  of  the 
unreacted  alumina.  Examinations  were  conducted  on 
separate  parts  of  the  procedure.  All  alumina  determina¬ 
tions  were  obtained  via  the  aluminon  method  in  acid 
medium,  as  outlined  by  Sandell.'3-'  All  special  reagent 
preparations  and  test  measurements,  except  spectrographlc 
analyses,  were  made  by  a  single  investigator. 
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The  general  procedure  for  sample  dissolution  is  a 
modification  of  the  approach  taken  by  an  early  investi¬ 
gator.^)  Various  dissolution  reagents  were  prepared 
and  tested  on  wrought  and  cast  aluminum  alloys.  The 
combination  of  a  non-oxide  forming  dissolvent  in  a  water- 
free  medium  was  selected  so  as  to  avoid  possible  AI2O3 
formation  and  hydration  of  products.  Halogens  were 
examined  in  several  non-aqueous  solvents.  Methanol  was 
chosen  as  a  satisfactory  halogen  solvent  and  was  used 
throughout  this  work. 

Samples  of  aluminum  foil  were  treated  with  special 
reagents.  T*10  complete  method  for  reagent  preparation 
and  alumina  analysis  and  the  spectrographic  analysis 
of  the  foil  are  presented  in  Appendix  A. 

RESULTS  AND  DISCUSSION 


The  analysis  for  alumina  in  the  foil  is  given  in 
Table  I. 

Exothermic  reactions  occur  when  aluminum  and  aluminum 
alloys  are  treated  with  reagents  listed  in  Table  I.  The 
chlorinated  reagents  cause  spontaneous  vapor  bursts  after 
a  period  of  apparent  inactivity.  High,  inconsistent  test 
results  may  be  attributed  to  these  vapor  bursts.  Rapid 
reaction  can  cause  spatter  and  isolation  of  fine,  undis¬ 
solved  metal  particles,  which  are  later  oxidized.  Pre¬ 
cautions  had  been  taken  in  an  effort  to  minimize  this 
condition: 

1.  Sample  and  dissolution  reagent  were  kept  near 
room  temperature  by  means  of  a  water  jacket. 

2.  Small  quantities  of  reagent  were  added  inter¬ 
mittently  to  the  sample. 

3.  Small  sample  surface  area  was  exposed  to  the 
reagent . 


4.  The  reaction  beaker  was  placed  in  a  flushing 
nitrogen  atmosphere. 

Iodine  readily  precipitates  from  solutions  of  59  wt. 
%  iodine  chlorinated  in  methanol.  Solid  iodine  is 
observed  in  reagent  storage  or  after  sample  dissolution. 

Liquid  iodine  monochloride,  IC1 ,  was  considered  as 
an  isolating  agent  for  alumina.  Compound  preparation  is 
accomplished  by  direct  chlorine-to-iodine  contact.  Small 
specimens  of  aluminum  wire  or  cast  aluminum  alloys  ignite 
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when  contacted  with  IC1  at  the  liquid  surface.  Early 
investigators  of  this  interhalogen  have  reported  that 
aluminum  and  other  elemental  materials  react  explosively 
with  IC1.(3)  This  hazardous  condition  presently  dis¬ 
courages  further  investigation  of  the  compound  at  100% 
concentration . 

Aluminum  wire,  analytical  grade,  was  submitted  to 
attack  by  the  halogen-in-methanol  reagents.  Test 
results  are  shown  in  Table  II.  Spectrographic  analysis 
of  the  wire  is  given  in  Appendix  A. 

The  chlorine  reagent  is  prepared  in  the  presence  of 
the  sample.  Chlorine  gas  flow  in  the  methanol  is  regulated 
by  equipment  described  in  the  literature . (4)  During 
dissolution  reaction  fine,  disintegrated  particles  of  the 
attacked  sample  can  be  seen  rising  to  the  surface  of  the 
iodine-free,  transparent  liquid.  After  apparent  dis¬ 
solution  of  sample  a  gray  residue  is  retained  on  the 
filter.  High  alumina  test  results  are  obtained  when  such 
conditions  occur.  The  cause  of  higher  apparent  alumina 
content  is  attributed  to  incomplete  sample  dissolution. 

Samples  of  aluminum  foil  and  added  alumina  were 
treated  with  prepared  halogen  reagents.  The  alumina 
was  prepared  in  fine  particle  size  after  thermally 
decomposing  aluminum  nitrate,  Al  (1*03)3 ' 9H20.  This  compound 
is  selected  as  a  reliable  source  of  chemically  inactive 
alumina.  Mild  heating  in  air  readily  releases  H2O  vapor 
from  the  hydrate.  NO2  gas  (brown  fumes),  and  O2  escape 
with  higher  heat  application  leaving  the  alumina  residue: 

4  [A  1  (N03 ) 3  * 9H20]^ 3 6H20| +1 2N02t 302t +2A 1 203| 

Gravimetric  tests  show  that  conversion  to  the  oxide 
by  heating  is  greater  than  99.0%  complete.  Weight-loss 
tests  also  show  that  less  than  0.30%  of  the  calcined 
nitrate  is  lost  when  exposed  to  the  alcoholic  halogen 
reagents . 

The  reagent  effects  on  foil  with  added  oxide  are 
shown  in  Table  III  in  terms  of  oxide  recovered.  A 
mineral  acid  in  aqueous  solution  is  included  in  the 
comparison  of  the  dissolving  reagents. 

Data  in  Tables  II  and  III  indicate  higher  apparent 
alumina  contents  when  metal  samples  are  exposed  to 
monohalogen  reagents.  A  similar  trend  in  total  alumina 
content  is  observed  when  anodized  aluminum  wire  is  treated 
with  these  reagents. 
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TABLE  II 
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TABLE  III 


THE  EFFECT  OF  DISSOLUTION  REAGENTS  ON  ALUMINA  RECOVERY 
FROM  ALUMINUM  FOIL  WITH  ADDED  ALUMINA 


Dissolution  Reagent 

%  AI2O3, 
After 
Addition 
to  Foil 

Apparent 
%  AI2O3 
Found 

%  Yield 

1:1  Hydrochloric  Acid 

3.94 

1.68 

42 

1.95 

1.21 

62 

1.63 

0.82 

50 

11  Wt.  %  Iodine 

2.81 

2.66 

95 

in  Methanol 

3.98 

3.90 

98 

0.69 

1.83 

265 

54  Wt.  %  Iodine 

1.19 

1.15 

96 

Chlorinated  in 

0.98 

1.10 

112 

Methanol 

1.19 

0.99 

83 

Chlorine 

0.64 

1.63 

255 

in  Methanol 

1.28 

2.67 

208 

1.01 

1.89 

187 
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Alcoholic  halogen  attack  on  casting  alloys  was 
examined.  Iodine  in  methanol,  11  wt.  %  iodine,  was  used 
on  cast  samples  of  356,  C355,  Almag  35,  220,  195,  40E, 
and  Precedent  71A  alloys.  Each  of  the  alloys  is  reactive 
with  this  halogen,  but  complete  dissolution  of  metallic 
constituents  is  questionable. 

A  residue  from  the  356  alloy  was  isolated  after 
dissolution  treatment.  X-ray  diffraction  measurements 
identified  the  material  principally  as  elemental  silicon. 
When  an  ashed  residue  from  this  Al-Si  alloy  is  treated 
with  cone.  H2SO4  and  a  few  ml.  of  HF,  a  gray  lustrous 
film  envelops  the  remaining  solid.  The  film  is  presumed 
to  be  metallic  aluminum.  During  carbonate  fusion  flame 
bursts  are  observed  with  the  disappearance  of  the  film. 
Occlusion  of  aluminum  by  Insoluble  silicon  particles  and 
subsequent  oxidation  of  aluminum  are  suspected  as  the 
cause  of  the  high  alumina  values.  Extracted  residues 
from  the  220  alloy,  (10%  Mg),  and  Precedent  71A  alloy, 

(7%  Zn),  were  examined  by  the  X-ray  diffraction  method. 
Positive  identification  of  residues  was  not  confirmed. 

These  low  silicon,  probably  spinel-type  residues  are 
likewise  suspected  as  contributors  to  aluminum  occlusion 
leading  to  high  alumina  results. 

Presently,  356  and  the  other  casting  alloys  have 
not  been  exposed  in  quantitative  tests  to  attack,  either 
by  chlorinated  iodine  in  methanol,  or  by  chlorine  in  the 
alcohol.  Although  silicon  has  been  reported  as  unattacked 
by  iodine  monochloride ,  perhaps  the  occluded  aluminum, 
or  alumino-intermetallic  compounds,  can  be  dissolved  by 
this  interhalogen. 

After  metallic  dissolution  is  effected,  the  unreacted 
alumina  is  rendered  soluble  by  acid  or  alkali  fusion.  A 
study  was  made  on  the  fusion  operation  to  convert  alumina 
to  a  soluble  meta-aluminate .  A  fusion  mixture  was  prepared 
similar  to  the  reagent  used  by  other  investigators 
Portions  of  calcined  aluminum  nitrate  were  fused  with  the 
prepared  alkali  mixture.  Aliquots  from  the  acidified 
extracts  were  analyzed.  The  test  results  are  reported  in 
Table  IV  in  terms  of  micrograras  of  AI2O3. 

Measurements  indicated  in  Tables  III  and  IV  are 
exposed  to  probable  error  due  to  small  sample  weight. 

Ferric  iron  causes  color  interference  in  the 
aluminon  method.  The  alkali  fusion  reagent  selected 
for  this  investigation  has  been  used  by  others  to  eliminate 
iron  as  a  water-insoluble  product. (5)  Some  searchers, 
employing  acid  fusion,  compensate  by  making  requisite  iron 
additions  to  match  an  iron-in-alumina  calibration.^®^ 
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TABLE  IV 


%  CONVERSION  OF  AI2O3  BY  ^3003-^28407  FUSION 


Na  AIO2  Aliquot 
Equivalent  fig  AI2O3 

Na  AIO2  Found 
Equivalent  ng  AI2O3 

%  Conversion 

60 

59 

98 

124 

107 

86 

62 

59 

94 

49 

48 

97 

96 

82 

85 

192 

169 

88 

190 

169 

89 

95 

85 

89 

120 

103 

86 

120 

101 

84 

180 

153 

85 

282 

241 

85 

113 

90 

79 

119 

102 

86 

182 

162 

89 

88 

77 

87 

177 

160 

90 

113 

100 

88 

Mean 

88 

Std .  Dev.  ±4.6 


l^g  =  1  Microgram  =  1  X  10“6  Gram 


11 


Thorough  investigation  remains  to  be  completed  for  iron 
elimination  or  control.  However,  the  effect  of  ferric 
iron  in  the  final  volumetric  solution  has  been  observed 
in  the  current  study.  Increase  in  iron-to-alumina  weight 
ratio  produces  higher  apparent  alumina  concentration, 

(lower  transmittance).  This  iron  effect  is  more  pro¬ 
nounced  at  higher  alumina  content. 

Tests  were  conducted  to  determine  the  relation 
between  the  error  in  transmittance  measurement  and  the 
resulting  error  in  concentration.  Dilutions  were  made 
from  a  standard  calibration  solution.  10  ml.  aliquots 
from  the  dilutions  were  tested  to  determine  the  variation 
in  transmittance  with  invariant  alumina  concentrations. 

A  summary  of  the  test  results  appears  in  Table  V.  Test 
data  and  computations  are  in  Appendix  B. 

Gain  in  precision  results  when  the  sample  size 
increases.  Thus,  a  sample  average  for  3  tests  produces 
1A/3  =  0.577,  or  58%  of  the  confidence  limits  spread  for 
Individual  tests.  The  narrower  limits  exhibit  less 
variation  in  concentration  values. 

A  semllogarithmlc  plot,  %  transmittance  vs  pg  AI2O3/111I, 
is  shown  in  Figure  1,  Appendix  B.  The  calculated  best  fit 
line  is  plotted  with  individual  transmittance  measurements. 
Concentration  values  derived  from  95%  confidence  limits 
Indicate  a  uniform  variation  of  ±  0.3  fig  AI2O3/111I  for  all 
individual  transmittance  measurements.  Duplicate  tests 
reduce  the  variation  to  approximately  *  0.2  /ig  AI2O3/111I. 

At  the  concentration  level  of  4.0  ^ g  Al203/ml  tests  in 
duplicate  show  ±  5%  error  involved  xn  the  comparison  of 
color  intensity.  At  0.5  fig  Al203/ml  a  -  42%  error  results. 

An  overall  check  of  the  analytical  procedure  has  not 
been  accomplished  in  the  absence  of  reliable  oxide-in¬ 
metal  standards.  Trial  melts  were  prepared  in  an  effort 
to  develop  suitable  standards.  However,  injected  solid 
oxide  in  molten  aluminum  is  not  retained  in  uniform 
distribution,  even  when  the  treated  metal  is  rapidly 
solidified.  Attempts  at  air-lancing  aluminum  melts  were 
unable  to  create  uniform  oxide  dispersion  in  the  solid 
state. 

Anodized  aluminum  wire  is  considered  as  a  possible 
source  to  provide  a  constant  weight  ratio  of  oxide  to 
metal.  Early  trials  to  produce  a  uniform  alumina  deposit 
over  a  sufficient  length  of  wire  were  unsuccessful. 

Nonuniformity  in  these  investigations  is  judged  by 
the  gross  differences  of  total  alumina  content  found  by 
the  aluminon  method. 
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TABLE  V 

%  TRANSMITTANCE  VARIATION  WITH  FIXED  ALUMINA  CONCENTRATION 
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CONCLUSIONS 


1.  A  method  has  been  Investigated  for  determining 
aluminum  oxide  content  in  aluminum.  The  method  appears 
adequate  for  the  practical  analysis  of  aluminum  castings 
and  for  the  study  of  the  effect  of  oxide  content  on  their 
mechanical  properties.  Accuracy  and  reliability  of  the 
method  have  not  yet  been  completely  established  because 
of  a  lack  of  suitable  standards. 

2.  Limited  test  results  indicate  that  greater 
consistency  is  obtained  by  the  method  when  both  iodine 
and  chlorine  are  used  in  the  dissolution  reagent.  Less 
variation  in  results  occurs  if  high  concentrations  of 
the  dlhalogen  reagent  are  employed. 

RECOMMENDATIONS 


The  overall  method  requires  further  analytical 
evaluation  and  determination  of  its  reliability  and 
precision.  The  following  measures  are  suggested: 

1.  Develop  an  alumina-metal  standard,  such  as 
anodized  aluminum  wire,  that  provides  a  constant  weight 
ratio  of  oxide  to  metal. 

2.  Determine  reliability  and  precision  of  the  method 
from  test  results  obtained  at  selected  levels  of  oxide 
content  in  standards. 

3.  Appraise  the  method  with  other  analytical 
procedures  by  comparing  test  results  obtained  on  a  common 
standard. 

A  reagent  is  required  to  completely  dissolve  occluded 
aluminum  in  aluminum  alloys.  Alcoholic  iodine-chlorine 
reagent  of  high  halogen  concentration  is  recommended  as 
a  potential  dissolvent. 

A  practical  application  is  suggested  based  upon  method 
acceptance : 

Determine  what  alumina  concentration  level  is  critical 
in  its  effect  on  the  mechanical  properties  of  castings. 
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APPENDIX  A 


ANALYSIS  BY  ALUM I NON  METHOD 
DISSOLUTION  REAGENT  PREPARATION 


In  an  exhaust  hood  pass  dry  chlorine  into  a  cold 
water-jacketed  beaker  containing  93  grams  of  iodine  per 
100  ml  methancl.  Metered  chlorine  flow  should  be 
regulated  to  permit  fine  bubble  dispersion  and  minimum 
escape  of  free  chlorine.  During  reaction  the  iodine 
solids  dissolve  and  the  liquid  develops  a  dark  red, 
liquid  bromine  color.  Complete  reaction  is  assumed 
when  a  stoichicmetr ic  amount  of  chlorine  has  been 
transferred  to  the  iodine  scluticn  to  form  iodine  mono¬ 
chloride.  This  chlorinated  solution  is  equivalent  to 
60  wt.  %  iodine  monochloride,  or  54  wt.  %  iodine.  Store 
reagent  at  room  temperature  in  an  exhaust  hood  in  a 
plastic-capped  glass  bottle. 

DISSOLUTION  AND  SEPARATION 


Weigh  a  0.5  to  1.0  gram  sample  of  aluminum  or 
aluminum  alloy,  ("small  surface  area  preferred),  into  a 
300  ml  high  form  beaker.  Transfer  beaker  to  an  exhaust 
hood  and  add  60  to  70  ml  chlorinated  iodine-methanol 
reagent.  Place  watchglass  over  beaker  and  set  beaker 
in  cooling  tray.  After  reaction  eases,  spray  down  watch- 
glass  and  beaker  walls  with  methanol.  Suction-filter 
beaker  contents  through  Schleicher -Schuell  #589  Red 
Ribbon  filter  paper,  cr  its  equivalent.  Wash  filter 
with  methanol  and  dry  paper  at  110°C  for  30  minutes. 

Ash  paper  in  platinum  crucible.  Thoroughly  mix  the 
residue  with  3  grams  of  K2S2O7  or  1  gram  Na2C03-Na2B407 
mixture.  Carefully  heat  to  fuse,  avoiding  spatter, 
until  clear  liquid  develops.  Air  ccol  crucible  and 
leach  residue  in  a  small  amount  of  hot  water ,  less  than 
80  ml.  Rinse  crucible  and  filter  the  liquid  into  an 
appropriate  volumetric  flask  containing  5  ml  1:4  HC1 , 
if  Na2C03  fusion  was  performed.  Adjust  pH  of  solution 
to  slightly  less  than  7.0  and  dilute  to  mark. 

PHOTOMETRIC  PROCEDURE 


Transfer  a  1  to  10  ml  aliquot  sample  to  a  50  ml 
volumetric  flask.  Pipette  2  ml  cf  1:9  HC1  and  2  ml  of 
0.2%  aluminon  solution  into  Lae  flask.  Dilute  to  about 
30  ml.  Pipette  In  10  ml  of  10%  ammonium  acetate  and 
dLlute  to  mark.  Transfer  some  solution  and  reagent  blank 
to  matched  cells.  Set  reference  to  100%  transmittance  at 
520  my.  Read  sample  transmittance  18-20  minutes  after  last 
reagent  addition.  Obtain  aluminum  oxide  content  from  a 
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plot  of  %  transmittance  vs.  micrograms  aluminum  oxide. 
APPARATUS 


Bausch  and  Lomb  colorimeter  -  Spectronic  20 
REAGENTS  AND  SOLUTIONS 


Iodine,  analytical  reagent  Non  volatile  matter  -  0.020% 
Chlorine,  liquefied,  high  purity,  99.5%  min. 

Methanol ,  technical,  99.85% 

Fusion  mixture  -  3  parts  Na2C03,  1  part  Na2B407 
Na2C03  0.001%  Fe 

Na2B407  0.0001% 

Potassium  pyrosulfate,  K2S2O7 ,  fused  powder  0.001%  Fe 
Aluminon  -  0.2%  solution  of  ammonium  aur intr icarboxylate 
in  water. 

Ammonium  acetate  -  10%  solution  in  water 
Aluminum  nitrate,  A1 ^03)3 • 9H2O,  0.002%  Fe 
Standard  Solution  for  Curve  Calibration: 

Aluminum  potassium  sulfate,  KA1 (S04)2 ‘ I2H2O, 

0.0001%  Fe  dissolved  in  0.1  normal  HC1  (equivalent 
to  100  /ig  AI2O3  per  ml). 

SPECTROGRAPH IC  ANALYSES  OF  METAL  SAMPLES 
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TRANSMITTANCE  MEASUREMENTS  FOR  VARIOUS 
DILUTIONS  FROM  A  STANDARD  SOLUTION 
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APPENDIX  B  (Continued) 


The  best  fit  line  for  the  transmittance  data  is  derived 
by  a  statistical  method,  assuming  that  Beer's  Law  for  light 
transmittance  holds. (?)  The  line  equation  for  the  data  is: 

Log  T  =  1.988-0. 167c 
where  T  =  %  transmittance, 
and  c  -  fig  AI2O3/111I 

Confidence  limits  for  individual  transmittance  measure¬ 
ments  are  obtained  by  Hader's  method  of  analysis  of 
variance. A  summary  is  tabulated. 

95%  CONFIDENCE  LIMITS  FOR  INDIVIDUAL 
TRANSMITTANCE  VALUES 


Selected 

c 

T  Point 
Std.  Dev. 

Best  Fit  Line 
log  T  T 

95%  C 

Upper 

log  T  T 

.L. 

Lowe, 
log  T  T 

0.2 

0.025 

1.955 

90.1 

2.005 

101.2 

1.905 

80.4 

0.4 

0.025 

1.921 

83.4 

1.971 

93.5 

1.871 

74.3 

1.0 

0.025 

1.821 

66.2 

1.871 

74.3 

1.771 

59.0 

2.0 

0.025 

1.654 

45.1 

1.704 

50.6 

1.604 

40.2 

3.0 

0.025 

1.487 

30.7 

1.537 

34.4 

1.437 

27.0 

4.0 

0.025 

1.320 

20.9 

1.370 

23.4 

1.270 

18.6 

5.0 

0.026 

1.153 

14.2 

1.205 

16.0 

1.101 

12.3 

7.0 

0.027 

0.819 

6.6 

0.873 

7.5 

0.765 

5 .  S 

Concentration  variation  with  transmittance  confidence 
limits  is  determined  from  the  slope  of  the  best  fit  line 

Cu-Cx  =  log  Tu-log  Tx 

.167 

where  Cu  =  fig  AI2O3/1J1I  for  lower  transmittance  limit,  Tj , 
and  Ci  -  fig  AI2O3/111I  for  upper  transmittance  limit,  Tu. 
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CONCENTRATION  VARIATION  WITHIN  95%  CONFIDENCE 
LIMITS  FOR  INDIVIDUAL  TRANSMITTANCE  VALUES 


c 

log  Tu 

log  Tx 

log  Tu-log  Tx 

cu-Cx 

0.4 

1.971 

1.871 

0.100 

0.6 

1.0 

1.871 

1.771 

0.100 

0.6 

2.0 

1.704 

1.604 

0.100 

0.6 

3  0 

1.537 

1.437 

0.100 

0.6 

4,0 

1.370 

1.270 

0.100 

0.6 

20 


Par  Cant  Tranaalttancs 


Unclass  if  ioc! 


Security  Claatification 


DOCUMENT  CONTROL  DATA  •  RAD 


(%  Turn*  e  laaatlleanan  ot  till*  body  at  abatraet  and  tndaatng  anno  ft 'em  mu  at  6«  aruarad  adtan  tf*«  orarall  rapnrt  i*  c  laa  *  •  h 


!  >'r. IHA  Tin  C  AC  Tivi’y  (Caf+orata  auiftot) 


2a  «CPO*T  StCu»‘  Tv  c  L*Mi»iCi,'OK 


nock  Island  Arsenal 

K. search  A  Engineering  Division 

Rook  Island,  Illinois  31202 


Unclassii ied 


1  n  c  •or  t  titl* 


LilTSItr.il NATION  OF  THE  ALUMINA  CONTENT  OF  ALUMINUM  ALLOY 3  (U) 


4  DCSCAiP*Tivf  MOTES  (Typa  ot  mpon  mnd  inchiai  **  data*) 


9  AUTHOR^;  (La*t  nom*.  ftmt  noma,  Ini  Hat) 


Miclot,  Richard  B, 


•  Mf  MO  MT  OAT| 

November  1965 


ta  eoNTaaer  oa  aa*MT  no 


7a  total  no  oa  aaaca  i  76  no  o*  mm 


aiaiNatoa'*  atao« 


a  mojict  no 

DA  1C014501B32A 
A  .M3  Code  5011.11.855 


RIA  G 5-2950 


•  4  OTHER  RIRORT  n o(3)  (A  ny  othaf  numbmrm 


to  avail  ability /limitation  notices 

Distribution  of  this  document  is  unlimited. 


ii  luaaLiaiNTMY  aarti 


11  taONtONINO  NILITANV  activity 


Rock  Island  Arsenal 


ii  uit««ct 

A  method  has  been  investigated  lor  the  quantitative  determination  o: 
aluminum  oxide  in  aluminum  alloys.  Iodine  and  chlorine  .'■ere  used 
isolating  agents  for  aluminum  oxide  in  an  aluminum  matrix.  A  spcctro- 
photometric  method  of  aluminum  analysis  is  presented  employing  these 
halogen  reagents.  Limited  test  results  on  aluminum  foil  and  wire 
indicate  that  a  high  iodine  concentration  in  methanol,  when  chlor in¬ 
is  present,  yields  consistent  results  of  AI2C3  content.  (U)  (Aut  :on 


DD  1473 


Unclass i 1 icd 

Security  Clanaification 


Liiiclarisi*  iec’ 

Classification 


KCY  »O»05 


lui'ina 

Lu.ii.ium  O.cidc 
Lui.:i..um  Analysis 


INSTRUCTIONS 


iRIGlNATTNG  ACTIVITY:  Enter  the  name  and  address 
e  contractor,  subcontractor,  grantee,  Department  of  De- 
e  activity  or  other  organization  (corporate  author)  issuing 
eport. 

REPORT  SECUWTY  CLASSIFICATION:  Enter  the  over*  I 
ecurity  classification  of  the  report.  Indicate  whether 
stricted  Data"  is  included.  Marking  is  to  be  in  accord 
with  appropriate  security  regulations. 

GROUP:  Automatic  doarngrading  is  specified  in  DoD  Di-  ’ 
ve  SJOO.  10  and  Armed  Forces  Industrial  Manual.  Enter 
.roup  number.  Also,  when  applicable,  show  that  optional  1 
ings  have  been  used  for  Group  3  and  Group  4  as  author- 

EPORT  TITLE:  Enter  the  complete  report  title  in  all 
al  letters.  Titles  in  all  cases  should  be  unclassified, 
neaningful  title  cannot  be  selected  without  claasifica- 
show  title  classification  in  all  capitals  in  parenthesis  , 
diately  following  the  title. 

ESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
t.  e. g. .  interim,  progress,  summary,  annual,  or  final, 
the  inclusive  dates  when  a  specific  reporting  period  is 
red. 

UTHOR(S):  Enter  the  namefs)  of  authorfs)  as  shown  on 
the  report.  Enter  last  name,  first  name,  middle  initial, 
lit  ary,  show  rank  and  branch  of  service.  The  name  of  i 
nncipal  author  is  an  absolute  minimum  requirement. 

EPORT  DATE:  Enter  the  date  of  the  report  as  day, 
h.  year:  or  month,  year.  If  more  than  one  date  appears 
e  report,  uae  date  of  publication. 

TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
Id  follow  normal  pagination  procedures,  i.e.,  enter  the 
er  of  pages  containing  information 

NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
•"'■rs  cited  in  the  report. 

rONTRACT  OR  GRANT  NUMBER:  If  *>propriat a.  enter 
pplicable  number  of  the  contract  or  grant  under  which 
•port  was  written 


10.  AVAILABILITY/LIMITATION  NOTICES  Enter  any  Urn- 
nations  on  further  dissemination  of  the  report  o'her  than  these 
imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC" 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC.  Other  qualified  users 
shall  request  through 


',  h  8 d.  PROJECT  NUMBER:  Enter  the  sppropriate 
iry  department  identification,  such  as  project  number, 
eject  number,  system  numbers,  task  number,  etc. 

ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  off!- 
eport  number  by  which  the  document  will  be  identified 
ontrnlled  by  the  originating  activity.  This  number  must 
ique  to  this  report. 

OTHER  REPORT  NUMBERfS):  If  the  report  has  been 
ned  any  other  report  numbers  (either  by  the  originator 
the  sponsor!,  also  enter  this  numberfs). 


(S)  “All  distribution  of  this  report  is  controlled:  Qual¬ 
ified  DDC  users  shall  request  through 

M 

If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi- 
|  cate  this  fact  and  enter  the  price,  If  known 

11.  SUPPLEMENT AR Y  NOTES:  Use  for  additions!  explan*- 
j  tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Eme*  the  name  of 
the  depsrtmentsl  project  office  or  laboratory  sponsoring  (pmr 
mg  for)  the  research  and  development.  Include  address 

13  ABSTRACT  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re- 
!  port.  If  additional  spare  is  required,  a  continuation  sheet 
shall  be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  re¬ 
ports  be  unclassified.  Each  paragraph  of  the  abstract  shsll 
end  with  an  indication  of  the  military  security  classification 
of  the  information  in  the  paragraph,  represented  as  (TS),  'S). 
<C),  or  (V) 

There  is  no  limitation  on  the  tength  of  the  abstract.  How¬ 
ever,  the  auggested  length  is  from  1  f»0  to  225  words. 

14.  KEY  WORDS.  Key  words  are  technically  meaningful  term* 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  reauired.  Iden- 
fiers.  such  as  equipment  model  designation,  trade  name,  mili¬ 
tary  project  code  name,  geographic  location  may  be  used  aa 
Wev  words  but  will  be  followed  bv  an  indication  of  technical 
context.  The  assignment  of  links,  rules,  and  weight*  la 
optional 


Unci  ass  il  iec! 

5ecur7tv  Class iTTcat ion- 


